Abstract. Epithelial-mesenchymal transition (EMT) is a major cause of endometrial cancer (EC) to initiate invasion and metastasis. S100A4, a calcium-binding protein, is implicated in multistage of tumorigenesis and tumor progression. The correlation between S100A4 and EMT in EC is still unclear. This study was aimed to clarify the role of S100A4 in EC and the relationship between S100A4 expression and EMT markers. S100A4, E-cadherin, and vimentin were detected in tissues of EC patients (n=50) by immunohistochemistry. The impact of S100A4 on EC cell proliferation, migration and invasion was investigated via RNA interference, and the correlation between S100A4 and EMT markers were also explored. The results showed that S100A4 was significantly increased in epithelial cells of EC compared with the normal endometrium (P<0.05), also S100A4 level was positively related to age (P=0.021), histological grade (P<0.001), and lymph node metastasis (P<0.001). Additionally, silencing of S100A4 remarkably attenuated EC cell migration and invasion. Significant morphological change accompanied with the downregulation of EMT markers, E-cadherin and vimentin were also observed. Aberrant S100A4 expression may predict EC progression and play an important role in regulating EC cell invasion through EMT regulation. Hence, S100A4 is a promising therapeutic target.
Introduction
Endometrial cancer (EC), the most common type of female genital tract malignancy, with substantial cancer related mortality. It was estimated that there were 52,630 new cases of EC with 8,590 deaths in 2014 (1) . Approximately 70% of EC patients are histologically adenocarcinomas, which may arise from complex atypical hyperplasia and closely link to estrogen overdose, metabolic disturbance and positive hormone receptors (2, 3) . The prognosis of EC patients is affected by several risk factors, including tumor grade, myometrial invasion, lymphovascular space invasion, non-endometrioid histology and cervical stromal involvement (3). Metastasis is a major cause of mortality and recurrence in endometrial adenocarcinoma patients. In the process of tumor metastasis, numerous adhesion molecules, cytoskeleton interacting proteins, extracellular matrix proteins and angiogenesis related proteins are involved (4, 5) . Further elucidating the mechanisms of tumor aggressiveness is meaningful for endometrial cancer patients to acquire better progression-free survival (PFS) and overall survival (OS) chance.
The S100 calcium-binding protein family has been shown to play an essential role in multiple steps of tumorigenesis and aggressiveness (6) . Frequent locus gene diversification and protein conformational alteration facilitate their wide range of functions both intracellular and extracellular, such as proliferation, apoptosis, invasion, Ca 2+ homeostasis and energy metabolism (7) . Accumulating evidence suggest that S100A4, a member of S100 family, was overexpressed in various malignancies. Its pivotal role in promoting tumor progression and metastasis made it a valid predictor for poor outcome (8) (9) (10) (11) . Additionally, therapeutic targeting of S100A4 significantly inhibit tumor progress, indicating its potential value in human cancer treatment (12) . The evidence for expression and functions of S100A4 in EC remains scant. Accordingly, S100A4 was overexpressed in high-grade EC which heralded poor prognosis (13, 14) . However, little is known about the exact mechanisms of S100A4 in EC progression.
Epithelial-mesenchymal transition (EMT) has been demonstrated to be implicated in tumor progression and metastasis. During this process epithelial cells convert to a more migratory and invasive phenotype, which is accompanied with downregulated expression of epithelial markers, particularly E-cadherin, and induced expression of mesenchymal markers (15) (16) (17) . Numerous studies indicated that S100A4 involved in EMT process and is considered as a key EMT molecular marker (18) (19) (20) . Although the molecular mechanisms causing EMT has been well established in recent years, the implication of EMT in endometrial cancer pathogenesis and whether S100A4 is involved remains to be investigated.
In the present study, augmented cytoplasmic expression of S100A4 in poorly-differentiated EC was observed which closely related to EMT markers. We hypothesized that S100A4 promote EC metastasis via modulating EMT process, mainly affecting E-cadherin and vimentin expression. To confirm this, the role of S100A4 in HEC-1b cell migration, invasion, and morphological transition was studied, and the impact of S100A4 on EMT marker expression was investigated.
Materials and methods
Patients and samples. Formalin-fixed paraffin-embedded specimens were obtained from patients diagnosed with EC (n=50) and atypical endometrial hyperplasia (n=20) and who underwent surgical resection at Wuhan union Hospital from 2010 to 2013. Those administered prior chemotherapy, hormone therapy or radiotherapy were excluded. The Surgical staging (I-IV) and histological grades (G1-G3) were established based on the criteria of the International Federation of Gynecology and Obstetrics (FIGO) for EC. The clinicopathological characteristics, such as age, pathological grading, stage, lymph node metastasis and myometrial invasion depth, were also collected. The present study was approved by The Ethics Committee of Tongji Medical College, Huazhong university of Science and Technology (IORG no: IORG0003571) after receiving informed consent from the patients.
Immunohistochemistry (IHC) and assessments. The four micrometer-thick tissue slides were deparaffinized with xylene and rehydrated in graded alcohol. Slides were then immersed in 0.01 M sodium citrate buffer (pH 6.0) and heated on microwave for 20 min. This was followed by endogenous peroxidase activity blocking with 3% hydrogen peroxide (15 min) and nonspecific staining blocking with 10% normal goat serum (30 min). Then 200 µl of antibodies against S100A4 (1:800; CST, #13018), vimentin (1:100, Santa Cruz biotechnology (Santa Cruz, CA, uSA), sc-7557), and E-cadherin (1:100, Santa Cruz biotechnology, sc-7870) were added on each tissue slide and incubated in a humidified box at 4˚C overnight. For negative control, we added phosphate-buffered saline (PbS) instead of the primary antibody. Slides were then treated with Envision/HRP, rabbit secondary antibodies for 30 min. Diaminobenzidine (DAb) substrate was added on each slide for visualizing, followed by rinsing, and counterstaining with hematoxylin. Finally, the slides were dehydrated in 4 different concentrations of alcohol and cleared in xylene.
The intensity evaluation of IHC staining was performed independently by two pathologists. Positive S100A4 staining was analyzed according to cytoplasmic and/or nuclear staining of the tumor cells. The scoring categories take into account both the intensity of IHC color reaction (none, 0; weak, 1; moderate, 2; strong, 3) and the percentage of positive tumor cells (<10%, 1; 10-49%, 2; >50%, 3). The final score was the sum of the two scores. Histological score ≤1 point was defined as negative, whereas ≥2 points were considered positive.
Cell culture and shRNA transfection. The human endometrial cancer cell lines HEC-1b, Ishikawa, and KLE were purchased from the American Type Culture Collection (ATCC), cultured in Dulbecco's modified Eagle's medium (DMEM, Hyclone, uSA) containing 10% fetal bovine serum with 100 u/ml penicillin and 100 µg/ml streptomycin, at 37˚C in a humidified atmosphere containing 5% CO 2 .
shRNAs for S100A4 and vector was commercially purchased from GeneChem (Shanghai, China). The target sequence for synthetic oligonucleotide primers of S100A4 shRNA were: shS100A4-1: CAGATAAGCAGCCCAGGAA; shS100A4-2: CCATGATGTGTAACGAATT; shS100A4-3: TCCAAGAGTACTGTGTCTT; shS100A4-4: CTGCTTT CCAGAAGCTGAT; The target sequence: CTCCGAACG TGTCACGTT was used as a non-silencing control (vector). The vector plasmid and plasmid carrying S100A4 shRNA were transfected into HEC-1b cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, uSA) following manufacturer's recommendations. The cells were harvested after 48 h of transfection. Stably transfected clones of shS100A4-4 and vector HEC-1b cells were selected using 100 µg/ml ampicillin (Sigma, Santa Clara, CA, uSA) for 3 days.
RNA isolation and quantitative real-time PCR (qRT-PCR).
Total RNA was extracted from the transfected cells using the TRIzol (Invitrogen) and First-strand cDNA was reverse-transcribed from 2 µg total RNA using the Prime Script RT reagent kit (Takara, Kyoto, Japan) according to the manufacturer's protocol. cDNA samples (2 µl) were added to quantitative PCR in 20 µl reactions using SYbR Premix Ex Taq (Takara). The primers involved were: h-S100A4 (251 bp): 5'-TACT CGGGCAAAGAGGGTGA-3' (sense) and 5'-CATTTCTT CCTGGGCTGCTTA-3' (antisense). h-GAPDH (255 bp): 5'-ACTTTGGTATCGTGGAAGGACTAT-3' (sense) and 5'-GTTTTTCTAGACGGCAGGTCAGG-3' (antisense). Values on the y-axis represent 2 (-∆∆Ct) , while ∆Ct is the difference between target-gene Ct and GAPDH Ct.
Western blot analysis. The transfected HEC-1b cells were rinsed in ice-cold PbS twice and lysed in lysis buffer. The protein concentration was measured using the bio-Rad assay system. Proteins (20 µg) were boiled for 10 min and run on 15% SDS-PAGE gels. Then transferred onto nitrocellulose membrane and the membranes were blocked with 5% skim milk in 1X TbS buffer containing 0.1% Tween-20 and then probed with antibodies against S100A4 (1:2000, CST, #13018), GAPDH (1:800, Santa Cruz biotechnology, sc-25778), vimentin (1:1000, Santa Cruz biotechnology, sc-7557), E-cadherin (1:1000, Santa Cruz biotechnology, sc-7870) at 4˚C; Horseradish peroxidase (HRP)-conjugated anti-rabbit IgG was used as the secondary antibody. The bands were detected by enhanced Chemiluminescence reagents (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The optical density was quantified using Image Lab™ analysis software. The relative expression data have been normalized by GAPDH expression.
Immunofluorescence staining. Cells were cultivated in six-well plates overnight. Then washed by PBS twice and fixed with 4% paraformaldehyde for 15 min. Cells for vimentin and tubulin staining were treated with 0.1% Triton X-100 for enhancing permeability and blocked with 5% bSA for 1 h, then incubated with primary antibodies overnight. After two washes with PbS, incubated with Cy3-conjugated goat anti-mouse or anti-rabbit IgG antibody (1:100 dilution, Guge, Wuhan, China) in the dark for 1 h, then counterstained with DAPI. Images were taken using an Olympus Fluoview IX-300 laser-scanning confocal microscope.
CCK-8 assay.
The CCK-8 assay was adopted to detect the effect of S100A4 in EC cell viability. Briefly, the shS100A4-4 and control group HEC-1b cells were plated in a 96-well plate at the density of 5x10 3 /100 µl per well. Cell growth was analyzed every 24 h using a CCK-8 commercial kit (SigmaAldrich) following manufacturer's instructions.
Wound-healing assay. The shS100A4-4 and control group HEC-1b cells were plated in a six-well plate, 1x10 5 per well. When cells were grown to confluence as a monolayer, a wound was created using a sterile 200 µl pipette tip followed with serum starvation for 48 h. Photographs of the wounded area were taken at the time of wounding and every 12 h afterwards for 2 days to determine the rate of wound closure. The migration percentage was calculated using the following formula: [∆ area/area (0 h)] x100%.
Transwell invasion assay. The shS100A4-4 and control group cells were plated in the upper chamber coated with Matrigel basement membrane matrix (bD biosciences, bedford, MA, uSA) in serum-free medium, 5x10 4 cells per well. A chemoattractant (10% fetal bovine serum) was added to the lower chamber and incubated for 48 h. Invasive cells, were fixed in 4% paraformaldehyde and stained in 0.5% crystal violet, were counted in five random fields of each trans-well filter using a microscope.
Statistical analyses. Statistical analysis was performed using the SPSS software 21.0 statistical software (Chicago, IL, uSA). Chi-square test and Fisher's exact tests were used when comparing frequencies between groups. Values represent the mean ± SD of one representative experiment from a series of independent experiments. Data were analyzed using the Student's t-test. P-values <0.05 were statistically significant.
Results

S100A4 is overexpressed in the cytoplasm of cancer cells in EC.
Immunohistochemistry was performed to characterize the quantity and localization of S100A4 protein. In all normal endometrial tissues (10/10) and the majority of atypical endometrial hyperplasia tissues (18/20) , the expression of S100A4 was confined in the mesenchymal sections, particularly in endometrial stromal cells and vascular structures. None of the glandular epithelial cells expressed S100A4 protein (Fig. 1A-D) . In contrast, 32% (16/50) of the endometrial cancer tissues overexpressed S100A4 both in mesenchymal sections and tumor epithelial cells (Fig. 1E and F) . Statistically, cytoplasmic expression of S100A4 protein in endometrial cancer epithelial cells was significantly higher than normal group (P=0.014). However, there was no difference between endometrial cancer and atypical hyperplasia endometrium (P=0.057) (Fig. 1G) .
Positive cytoplasmic S100A4 protein indicates EC progression.
To investigate the clinical significance of S100A4 in EC patients, correlation between cytoplasmic S100A4 protein expression and clinicopathological parameters was analyzed. Positive staining for S100A4 in tumor cells was significantly associated with cell differentiation, more frequent incidence was observed in high-grade cases (G2/G3, 14/24) compared with the low-grade cases (G1, 2/26). Age and lymph node metastasis also showed remarkable correlation with expression of S100A4. No significant correlation between S100A4 expression and FIGO stage or myometrial invasion depth was found, though a related trend was observed (Table I) .
S100A4 silencing suppresses migration and invasion capability of HEC-1B cells.
The high invasive EC cell line HEC-1b possessed high endogenous S100A4 when compared to low invasive EC cell lines Ishikawa and KLE ( Fig. 2A and b) . To study the effects of S100A4 on migration and invasion of HEC-1b cells, four shRNAs were constructed and transfected into HEC-1b cells. Transient transfection of all the four groups, except for shS100A4-3 group, exhibited an inhibitory effect on S100A4 expression in HEC-1b cells (Fig. 2C and D) . The shS100A4-4 group provided the strongest efficacy. Further, the inhibitory effect in shS100A4-4 group was maximal after stable screening with puromycin confirmed by western blotting (Fig. 4C) . Functional experiments demonstrated that the migration and invasion of HEC-1B cells were significantly suppressed in shS100A4-4 group compared with control group (Fig. 3b  and C) . However, no differences were detected in viability of HEC-1b cells (Fig. 3A) . Of note, marked morphological change was also observed in shS100A4-4 group with attenuated EMT-like phenotype.
Downregulation of S100A4 reverses EMT.
To study the effects of S100A4 on EC cell cytoskeleton, optical microscope observation and immunof luorescence staining against tubulin were utilized. We found morphological changes and cytoskeleton reorganization when S100A4 was downregulated (Fig. 4A and b) . The HEC-1b cells lost their spindle-shaped morphology and showed suppressed spreading. besides, E-cadherin and vimentin, which account for major epithelial and mesenchymal markers were also detected in shS100A4-4 cells and EC specimens. E-cadherin was mainly expressed in the membrane whereas vimentin mostly in the cytosol. In addition, concurrent upregulation of E-cadherin and downregulation of vimentin upon ablation of S100A4 were observed (Fig. 4D) and further confirmed by western blotting (Fig. 4C) . Moreover, in high-grade EC samples, high S100A4 expression closely correlated with decreased E-cadherin and elevated vimentin expression (Fig. 4E) . These results suggested a crucial role for S100A4 in EMT-mediated metastasis of EC. Table I . Clinicopathological characteristics and cytoplasmic S100A4 expression in patients with endometrial cancer. 
Discussion
Elevated S100A4 protein expression has been detected in endometrial carcinoma and other tumors, and higher S100A4 protein levels concordant with advanced stages of cancer (13, 21) . Thus, a positive correlation was established between upregulation of S100A4 and tumor malignancy progression. In agreement with previous study, S100A4 was abundantly expressed in higher grade EC patients (14) . besides, a transitional expression pattern of S100A4 was observed in which S100A4 was undetectable in epithelial cells of lowgrade EC, normal endometrium and atypical endometrial hyperplasia while widely expressed in mesenchymal origins, especially in stromal cells and vascular structures. This kind of expression pattern was also found in prostate cancer which may imply an epithelial to mesenchymal transition (EMT) derived from gene hypomethylation (22) . Since EMT has been recognized as a core molecular mechanism underlying cancer invasion and metastasis, the role of S100A4 was focussed on in EC progression. Additionally, S100A4 has also been shown to possess the ability of activating or integrating pathways to promote migratory phenotype, angiogenesis, extracellular matrix components (ECM) remodeling process (23) (24) (25) . The crucial role of S100A4 in EC cell invasion and metastasis were confirmed by in vitro studies which elucidated that overexpression of S100A4 was associated with metastatic properties while targeting knockdown of S100A4 markedly reduced the migratory ability.
The clinical significance of S100A4 in cancer is still controversial. In cases of cancers, S100A4 was universally overexpressed and the excessive expression of S100A4 was an independent predictor for tumor progression, metastasis, and poor prognosis. For example, increased S100A4 expression was detected in the metastatic sections of breast cancer (26) . Enhanced expression of S100A4 underlies lymph node metastasis and predicts recurrence in colorectal cancer (27) . However, some studies obtained contradictive results (28) . Even so, the majority of the investigators believed that S100A4 indeed closely related to some clinical and pathological parameters. In the study of Chong et al, partly consistent with us, indicated that cytoplasmic expression of S100A4 was significantly related to the clinicopathological parameters of EC patients, including FIGO stage, histological grade, loss of progesterone receptor (PR) and lymph node metastasis. Kaplan-Meier survival analysis suggested a significant correlation between cytoplasmic expression of S100A4 and poorer outcome (13) . The present study also showed relevance between S100A4 expression and age. Age represents an important risk factor for EC occurrence. Most EC are diagnosed after menopause and older women are more likely to have poorly differentiated endometrioid histology and higher stage disease. These results led to a hypothesis that S100A4 may be an effective indicator for EC progression.
Clinical and experimental evidence indicate a critical role of EMT interrelated process in progression and metastasis of EC. EMT is a complex and stepwise phenomenon which is indispensable for morphogenesis in embryonic development and is reinitiated during cancer progression forming a more invasive phenotype. The molecular mechanisms underlying EMT can comprise multiple extracellular signals and numerous Figure 4 . Downregulation of S100A4 reverses EMT. (A) S100A4 silencing reversed epithelial morphology in HEC-1b cells (x200). (b) Cytoskeleton changes of HEC-1b cells were determined by staining with tubulin (green), the nucleus were stained with DAPI (blue) and visualized by confocal microscopy (x600). (C) Expression levels of S100A4 and EMT markers were analyzed by western blotting. GAPDH was used as the internal control. (D) Immunofluorescence assay of EMT markers (red), the nucleus were stained with DAPI (blue) and visualized by confocal microscopy (x600). (E) Immunohistochemical assay of S100A4 and EMT markers (brown) in EC tissues with different pathological grades (x200). Scale bars: 50 µm.
secreted soluble factors that ultimately activate different transcription factors and signaling pathways (15) . Disassembly of cell-cell and cell-ECM junction together with downregulation of epithelial marker E-cadherin is recognized as hallmark of EMT. Simultaneously, progressive loss of E-cadherin expression is always coupled with augmented expression of non-epithelial cadherin, e.g. N-cadherin, cadherin-11 and acquired mesenchymal markers, such as fibronectin, smooth muscle actin, or vimentin (29) . Changes of these molecules were also found in human EC, as a steady decrease of E-cadherin and increase of vimentin was observed in high grade EC specimens. These observations conformed to the findings of Yang et al (30) . S100A4 has been considered as a crucial EMT mediator since directly controlled by Wnt/β-catenin signaling pathway (31) . While the role of S100A4 in regulating EMT process in EC is still unclear. The findings of Xie et al revealed a pivotal role of S100A4 in mediating EC invasion and clarified the regulation effect of TGF-β1 on S100A4 expression (32) . TGF-β1 pathways could mediate EMT in various epithelial cell types. Given the explicit role of E-cadherin and vimentin in EMT, the current study found direct correlation between expression of S100A4 and EMT markers in EC for the first time, S100A4 is an upstream regulator of E-cadherin and vimentin. EC cells transfected with an S100A4 inhibition vector showed increased cell-cell adhesion morphology, plus downregulation of E-cadherin and upregulation of vimentin. besides, S100A4 induced E-cadherin expression from membranous to membrano-cytoplasmic, indicated its pivotal role in malignant transformation of EC cells through EMT regulation. EMT molecules are more than merely cementing substances but also regulate cell polarity, differentiation, migration and invasion. These cellular events may be mediated via their intimate connection to the actin cytoskeletal network (33) . S100A4 has been demonstrated to interact with components of cytoskeleton, such as F-actin, non-muscle tropomyosin, and non-muscle myosin, further regulating the cytoskeletal dynamics and cell motility (34) . Conformational changes of tubulin in transfected cells provided clues for this effect.
In conclusion, our study demonstrates that positive cytoplasmic S100A4 was observed in high-grade EC as compared with the negative counterparts. S100A4 promoted migration and invasion capacity of EC cells via EMT modification. Thus, S100A4 might be a potential predictor for EC patient progress and targeting S100A4 could be a promising therapeutic target for EC treatment.
